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Abstract 
We have defined a scheme that takes a relational database and transform it in a quantum DB allowing an optimized 
query processing of SQL-based queries. Our approach has been applied to a simple example to show how our scheme 
performs. This work addresses the realization of more complex queries and builds an appropriate environment for 
quantum transaction execution. 
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1. Introduction  
Quantum computation represents a challenge for engineering and computer science. Manipulating data 
on a quantum database is at the heart of quantum computing. Inserting, updating and deleting values from 
superposed states were proposed by A. Younes et al. [6]; however, circuit implementation and evolution of 
the probability amplitude were neglected in his work. Deleting a marked item from a database with a single 
query was better treated by Y. Liu et al. [4] since they provide useful information about the amplitude of 
probability but no circuit implementation provided to handle table management. Searching items with 
respect to specific oracle were proposed by I.Y.L. Ju  et al. [7], they showed a circuit based implementation 
of the Grover’s algorithm used for the database search process; but data basic operations like INSERT and 
DELETE have not been addressed.  
2.Basics on quantum computing  
In the following, we consider five major functions useful for building querying and managing quantum 
circuits associated to database [1][2]. They are: the identity ( I  ), the negation ( X ), the phase shift of  
DS  over the state )(1 DT , the phase shift of  ES   overall basis states ( PE  ), and the Hadamard 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier B.V. Selection and/or peer-review under responsibility of Garry Lee
 XIE Shi-man and Shang Xin-zhi /  Physics Procedia  25 ( 2012 )  1602 – 1609 1603
   
transform ( H  ). The matrix representations of these functions involving one-qubit gates transform, 
for^ `,D E \ are given as follows: 
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The Grover’s algorithm [3] [4] that allows searching or retrieving items from a table can be generalized 
to the following 5-step process, where ,I KS K \
Step 1 perform a conditional phase shift ie I  to all states verifying an oracle ^ `i i A  , we denote 
this action as cI  and it is described as follows: 
( 1)ic
i A
I I e i iI

   ¦                                           (2) 
Steps 2 realize the Hadamard transform to the n   qubits (or applying nH  ) constituting the 
superposition. 
Steps 3 perform a conditional phase shift ie I   to the 0   state, only. This action is denoted by 0I  . 
Steps 4 perform nnW H
  once again.   
Steps 5 realize a phase shift of ie S to the resulting state.   
The Grover operator G is defined by 0
i
n n cG e W I W I
S . It is worth to notice that  G   is a retrieval, 
when 1[3][7]K  , and a deletion when  1K  . In particular, when 1
3
K   , the deletion is optimal since 
it is made with certainty for high data size [4].  
Finally, based on the jS operator presented in [6] for small values of  j  , we define an insertion 
operator denoted by  gINS  , permitting to insert  S   states ( )S N  writable over the same number of 
qubits n , where ^ `1,2,...,sG j s S   is a group of entries to be inserted simultaneously in a 
quantum table. To this end, for every entry  sj  to be inserted, let 2log ( ) , 1s s s sk j n n k     and 
2 sks sl j  represented over n   qubits, the general operator gINS   is given by: 
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3.Quantum database design 
Let DB be a relational database. Roughly speaking, DB is a finite set of relations (tables). A quantum 
database associated to DB may be viewed as a set of quantum circuits, each one is associated to a table. 
Getting a CNOT-based circuit from a table is obtained using the  transforms described in [5].  
For the sake of clarity, let DB be the database reduced to Table 1. Table 1 links department name 
(DName) and department number (DNum). Figure 1 depicts the circuit built from the Table 1 (the number 
of entries is 8 and two of them are unused). The circuit of Fig. 1 contains 16 negation gates (represented by  
   in stage 2), three Hadamard gates (Drawn as H   in stage 1) and 22 full dots representing the control 
entry qubits set to 1  . 
TABLE I. DIGITIZATION OF THE TABLE DEPARTMENT
DNum A DName B
35 0 Sales 7
46 1 Engineering 4
49 2 NULL 0
27 3 Clerical 2
29 4 Finance 5
42 5 Service 1
Figure 1. Quantum circuit for the table Department.  
Table 1 is unsorted; field B represents a random order of field DName. Field A represents the unique 
ordering of the primary keys (DNum), assuming that NULL are ordered first and encoded by the state 0
2 1 2 0 1 2 1 0 0 1 2 0( ); ( ); ( )b a a a b a a a b a a a         (4) 
Wherea 2 1 0, ,a a a   and  2 1 0, ,b b b   are the qubits necessary to represent A and B, respectively. ia and
ia represents the qubits a  in states  and , respectively. 
The probability associated to Table 1 is given by: 
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4.Querying quantum databases 
4.1.Inserting Records 
Inserting records into a quantum database can be reduced to the insertion of different entries to some of 
the quantum tables constituting the quantum database. We consider a quantum table containing 
N superposed records:. 
1
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T k i q
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
 
 ¦                                        (6) 
where k refers to the key value of the record, i  represents the rest of the columns values and  q  is an 
auxiliary qubit set initially to 0 . Inserting a record  ,x j   into the quantum circuit is done through 
three cases, depending on the number n  of qubits available in the circuit to represent the key values, the 
key value x  and the number N of states existing in the superposition. These cases are given as follows:   
y If 2nN   and 2nx   , two sub-cases appear: (a) the value x  exists in the superposition but 
is unused, meaning that the superposition contains the state  x  entangled with  1q    , in 
this case, the inserting process becomes a matter of updating  ,x i   to ,x j   by applying an ad 
hoc update operator to i  , that we denote i ju o . The realization of i ju o  is based on a 
transformation of the current circuit of the table by replacing qubits states representing i , using 
NOT gates controlled by qubits representing the selected unused key value x , until obtaining 
the desired state j ; (b) the value  x  doesn’t exist in the superposition, which means that all 
key values in the current superposition are used. Here, we begin by creating sufficiently enough 
states in the superposition that are unused in order to reduce the search complexity with future  
insertion and then insert x the way it was inserted in (a). Inserting simultaneously a set of key 
values, ^ `1,2,...,sg x s S  , where S is a positive integer, is obtained by applying the 
gINS  operator as described by equation (3), the state of T  as described by equation (6) 
becomes: 
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As described by equation (7), both ^ `,sl i  and^ `,sx i  are entangled with 1q  . To keep this 
latter entangled only with states supporting insertion  ^ `,sx i  , we apply the same set of gates that has 
been used to create entanglement of ^ `,sl i  , with 1q   , the state of  T   as described by equation 
(7) becomes: 
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y If 2nx t  , a new qubit set initially to 0  is added to the circuit and then inserting x is done 
the way it was inserted in (1 )b  for ' 1n n  .
Lemma. The maximum number of unused states S , able to be present in the superposition with N  used 
records represented over  n  qubits and permitting to keep unchanged near future search operation 
complexity is: 
min( , 2 );nS N N  where
24 4( ( ( ) 1))N N N
S S
   (9) 
Let us notice that near future in the lemma  means "the next thS  search operations ". 
Figure 2. Inserting , 8,3A j     to the table  Dep
As an example, suppose we want to insert the state  , 8,3A j    to the table Dep  where we 
suppose also that all key are used. We compute S = min(6,8) = 6 and we begin by applying gINS  for 
^ `8,9,...,13g x x   . The Hadamard gate used is controlled by the states ^ `0,1,...,5l l  
that are entangled with 1aq  (stage 1 of Fig. 2), we apply then the same set of gates (stage 2 of Fig. 
2). Inserting 8,3   is reduced to apply 7 3u o (stage 3 of Fig. 2),  aq   is then reset to the state for the key 
value 8A    (stage 4 of Fig. 2). 
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4.2.Deleting Records from a Quantum Table  
For the table described by equation (6), suppose that, di is the state to be deleted from the table: 
1
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, 0 , 0
N
k k d
T k i d i
N N

 z
 ¦        (10) 
Since the state ,d i is entangled with 0q  , the deletion process consists of flipping the state of 
q to 1 . This is done by applying a NOT gate to qubit q controlled by the value d  . When 
reaching 2S unused key values in the superposition, the state of table  T   as described by equation (10) 
becomes: 
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1 2
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To reduce the complexity of future searches, we need to limit the number of unused states. Thus, S 
states has to be totally removed from the superposition in order to keep only  S unused states entangled 
with  1aq   , as stated by the lemma of the previous section. This is done by applying a gDEL
operator, where > @^ `1,2,...,sg d s S  are states to be deleted corresponding to the odd values of the 
S unused key.   
It is worth to notice that gDEL is the G operator corresponding to the generalized Grover’s algorithm 
when applied with parameter  
3
SI   and an oracle evaluating to true the states not to be deleted and to 
false the states given by  g , however, only states having the least significant qubit value set to 1  and 
entangled with 1 should evaluate the oracle to false. The table given by equation (11), after applying one 
time  gDEL  becomes: 
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As shown by equation (12), except a global phase factor of 3
i
e
S
, the group  g of unused key values has 
been deleted, this phase factor is eliminated by a phase rotation of 3
i
e
S
 to all basis states realized by a 1
3
P
gate ( gate PE of equation 1 for  1/ 3E  ). 
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4.3.Retrieving Records from Joined Quantum Tables  
Retrieving records from a single table is achieved by applying the generalized Grover’s algorithm with 
parameters  [3][7]I S . In this section, we focus our interest on record selection from natural joined 
quantum tables. Other types of join operation can be addressed in a similar way. 
For the sake of clarity and due to space constraints, here after an example of natural join. Let the table 
"Employee" be as described by Table 2, the corresponding quantum CNOT-based circuit is realized the 
way it was done for Table1. The quantum circuit realization of the natural join between Table 1 and 2 is 
depicted by stage 2 of Fig. 3. Applying Hadamard to 1 c and 0 c (stage 1 of Fig. 3) gives the employees 
with the attached departments. However, the states composing the resulting superposition are contained in 
Table 3. 
TABLE II. DIGITIZATION OF THE TABLE EMPLOYEE.
ENum C EName D DNum E
123 0 Albert 3 27 3
119 1 Brian 0 46 1
128 2 Craig 2 42 5
120 3 Oliver 3 27 3
TABLE III. RESULT OF NATURAL JOIN BETWEEN TABLE 1 AND TABLE 2
ENum C EName D DNum E DName B 
123 0 Albert 3 27 3 Ckerucal 2 
119 1 Brian 0 46 1 Engineering 4 
128 2 Craig 1 42 5 Service 1 
120 3 Oliver 2 27 3 Clerical 2 
Figure 3. Retrieve of 1119( 1 )Enum C  d  ENum=119    
Searching the number of the employee belonging to the department whose name is "Engineering" is 
realized by the quantum circuit given by stage 3 of Fig. 3. After 4 2
4
M
S |  repetitions of stage 3 
(Fig. 3), the state of the joined tables becomes: 
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A final measurement (stage 4 of Fig. 3) is necessary to observe the result of the query, the measurement 
implies a collapse of the superposed states of equation (13) to one of the basis states, with higher 
probability to observe the searched state. This measure destructs the superposition and a reconstruction of 
the database is necessary. 
5.Conclusions 
In this paper, we show how a quantum database can be built from a relational multi-tables database and 
we show how querying operations can be handled through quantum circuits. Our contribution is three-fold: 
first, we show how a set of quantum circuits can be associated to a given relational database and can handle 
queries; second, we provide a circuit based implementation of generic SQL-like queries. 
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